
Nucleon Spin Structure Studies at JLab 

  Longitudinal nucleon spin structure at large x 

  Quark-gluon correlations and the color Lorentz force 
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Spin Structure Functions 

  Unpolarized structure functions F1(x,Q2) 
and F2(x,Q2) 

  Polarized structure functions  
  g1(x,Q2) and g2(x,Q2) 

Q2 :Four-momentum transfer 
x : Bjorken variable 
    : Energy transfer 
M : Nucleon mass 
W : Final state hadrons mass 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 Nucleon structure in the valence region 
•  Access to very large x (x > 0.4) 

–  Clean region 
•  No strange sea effects 
•  No explicit hard gluons to be  

included 

•  Quark models can be a powerful 
tool to investigate the structure 
of the nucleon 

•  Comparison with  lattice QCD is 
possible for higher moments of 
structure functions.  

  n = 2,4,.. 



A1
n and Helicity-Flavor Decomposition  
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Effect of quark orbital angular momentum 
Inclusive DIS Hall A and B and Semi‐Inclusive DIS Hermes 

BBS 

BBS+OAM 

Avakian, Brodsky, Deur and Yuan  



A1
n at 11 GeV 

A1
p at 11 GeV 

Inclusive measurements of asymmetries 

W>1.2 



At RHIC with W production At JLab 12 GeV with SIDIS 

Flavor decomposition  



Moments of Structure Functions 



Quark-Gluon Correlations and g2 



  dynamical twist-3 matrix element 

  dynamical twist-4 matrix element 

  target mass correction term 

Moments of Structure Functions (continued) 



“Color Polarizabilities” 
X.Ji 95,  E. Stein et al. 95 



Average Color Lorentz Force (M. Burkardt) 





Hall A  d2
n and Hall C SANE experiments  

   Neutron               Proton 

Spokespeople: 
B. Sawatzky, S. Choi, X. Jiang and Z.-E.M 

Students: 
David Flay, Diana Parno, Matthew Posik 

and the Hall A collaboration 

Spokespeople: 
O. Rondon, S. Choi, M. Jones,, Z.-E. M 

Students: 
Whitney Armstrong, Hoo Kang, Aneesha Liyanage,  
James Maxwell, Jonathan Mulholland 

and the Hall C collaboration 



Experiment E06-114 (d2
n) in Hall A 

Two beam energies 4.6 and 5.7 GeV 
(4 pass, 5 pass) BigBite fixed at single scattering angle (θ=45°) 

(data divided into 10 bins during analysis) 
Experiment ran  Jan.‐Mar. 09 



BB Cherenkov During Assembly (viewed from rear) 

Reflected images of 
conical mirror and a 
paper target at 5” PMT 
loca8on 

Spherical 
Mirrors 

Flat Mirrors 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Big Bite Cherenkov Performance 
•  Cherenkov ADC for electron events 

 signal: position cut, good timing 
 background: track cut on 'wrong' (distant) mirror 



Expected precision in Experiment E06-114 

  At large Q2, d2 coincides with the 
reduced twist-3 matrix element of 
gluon and quark operators 

  At low Q2, d2 is related to the spin 
polarizabilities 



SANE Kinematics and Layout 

•  Two beam energies: 
–  6.0 GeV (black) 
–  4.8 GeV (green) 

SANE experiment in Hall C 

Experiment Ran  January-March 09 



Big Electron Telescope Array - BETA BETA detector 

Gas  
Cherenkov 

•  Three subsystems: 
–  Lead glass calorimeter BigCal: 

Energy Measurement  
–  Gas Cherenkov: e‐ iden\fica\on 
–  Lucite hodoscope: tracking 
–  Front tracker: tracking 

•  Target field sweeps low E 
background 

•  Characteristics 
–  Effec\ve solid angle (with cuts) = 

0.194 sr 
–  Energy resolu\on 5%/√E(GeV) 
–  angular resolu0on = 2˚ 
–  1000:1 pion rejec0on 

Lucite Hodoscope Lead Glass 
 Calorimeter 

Front tracker 

Scacering chamber 



SANE experiment g2, g1 projected errors 



d2
p  RSS and SANE d2

p projection in Hall C 
RSS spokesperons: M. Jones, O. Rondon 
SANE spokespersons: S. Choi, M. Jones, O. Rondon, Z.-E. M 



Floor layout for Hall C 

•  SHMS collects data at Θ = 11°, 13.3° and 15.5° for 200 hrs each 
 data from each setting divided into 4 bins 

•  HMS collects data at Θ = 13.5°, 16.4° and 20.0° for 200 hrs each 

Hall C 
•  One beam energy 
 11 GeV 

•  Each arm measures 
a total cross section 
independent of the 
other arm. 

•  Experiment split 
into three pairs of 
200 hour runs with 
spectrometer 
motion in between. 



Kinematics for Hall C 



Projected x2g2(x,Q2) results for Hall C 

•  g2  for 3He is extracted directly from L and T spin-dependent 
cross sections measured within the same experiment. 

•  Strength of SHMS/HMS:  
 nearly constant Q2 (but less coverage for x < 0.3) 

Projected points are 
vertically offset from 
zero along lines that 
reflect different 
(roughly) constant Q2 

values from 2.5—6 GeV2.   



  g2 in CLAS 12 Hall B 



Summary 

 Large x is a good ground for testing our 
understanding of nucleon structure  

 Access to some dynamics like quark-gluon 
correlations is also possible using higher 
moments of g2 and g2 accessible at large x.  

 Stay tuned for results on d2p and d2n coming 
soon at a workshop near you! 


